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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re application of: Examiner: T. Nguyen 

URIU, et al. Group Art Unit: 2832 

Serial No.: 09/525,247 
Filing Date: March 15, 2000 

For: INDUCTOR AND METHOD FOR PRODUCING THE SAME 



DECLARATION UNDER 37 CFR SI. 132 

Date: // beC^fd^ . 2 002 
Assistant Commissioner for Patents 
Washington, DC 20231 

Dear Sir: 

1. I, Eiichi URIU, have the following postal address: 
2-17-5, Higashikori, Hirakata-shi, Osaka, Japan. 

2. I graduated from Osaka University, Japan, in 1984 with a 
Bachelors degree in Engineering. 

3. I have been employed by Matsushita Electric Industrial 
Co., Ltd. Since 1984. I have been engaged in the research 
of lamination ceramic chip inductors, which is the subject 
matter of the above- identified application, since 1994. I 
am one of the inventors of the invention of the above- 
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identified application, and I am fully familiar with the 
subject matter thereof. 

4. Based on my understanding of general knowledge in the 
field of lamination ceramic chip inductors, I provide the 
following explanation of the meanings of terms used in my 
previous declaration dated March 7, 2002, as would have 
been apparent to one skilled in the art at the time the 
original application (parent of the present case) was filed 
(October 4, 1994) . 

5. Fine, as in a fine conductive pattern, is understood to 
mean a thin, even pattern without irregularities such as 
zig-zagged edges or discontinuities in the pattern. As 
explained in my previous Declaration dated March 7, 2002, a 
zig-zag (not fine) pattern is caused by printing a line 
with a pitch of 50 microns through a mesh with high 
pressure, which results in the edges of the pattern not 
being straight, 

6. Continuous, as in a continuous conductive pattern, is 
understood to mean that the lines in the pattern are 
substantially free of discontinuities. A continuous 
pattern is distinguished from a discontinuous pattern in 
which the lines have many discontinuities. As explained in 
my previous Declaration dated March 7, 2002, a 
discontinuous pattern is caused by printing a line with a 
pitch of less than 50 microns through a mesh; mesh fibers 
correspond to discontinuities. 
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7. The term "no specific gap" as in no specific gap between 
the conductive pattern and the insulation layers, means 
that the conductive pattern and the insulation layers are 
substantially in contact. "No specific gap" is 
distinguished from a "specific gap" which is a gap of about 
2-5 microns between the conductive pattern and the 
insulation layers . As explained in my previous Declaration 
dated March 7, 2002, a specific gap is caused in a printed 
conductive pattern as a result of shrinkage of the 
conductive layer after evaporation of binder and solvent 
form the conductive paste used for printing. 

8. Blurred, as in blurred edges of a conductive pattern, 
means that the edges of lines in a conductive pattern are 
not sharp (substantially perpendicular to the substrate) 
but spread out away from the lines. "Not blurred" is 
distinguished from blurred and is characterized by sharp, 
fine edges. As explained in my previous Declaration dated 
March 7, 2002, blurring is caused by build-up of conductive 
paste after repeated printing using the same mesh and 
emulsion . 

I further declare that all statements made herein of my own 
knowledge are true and all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like are punishapble by fine or 
imprisonment, or both, under Secion 1001 of Title 18 of the 
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United States Code and that such willful false statements 
may jeopardize the validity of the application or any 
patent issuing thereon. 

Executed on C^C*. o2 , 2002 



(Eiichi URIU) 




CERTIFICATE OF TRANSLATION 



I, TAKESHI OSHIO, a Patent Attorney, of Fifteenth Floor, 
Crystal Tower, 1-2-27 Shiromi, Chuo-ku, Osaka 540-6015, 
Japan HEREBY CERTIFY that I am acquainted with the English 
and Japanese languages and that I have read the attached 
English translation and found it to be a true and accurate 
translation of Japanese Patent Application No. 6-217150 
filed on 12 September, 1994 in the name of MATSUSHITA ELEC- 
TRIC INDUSTRIAL CO., LTD. 



Dated this day of November, 2002. 




TAKESHI OSHIO 
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( Translation) 
[Name of the Document! SPECIFICATION 

[Title of the Invention] Lamination Ceramic Chip Inductor 
and Method for Producing the Same 

[Claims] 

[Claim 1] A lamination oerawio chip inductor, 
comprising a coll-shapea conductive line obtained by 
laminating a plurality of magnetic bodies or insulation 
layers with a plurality or conductive layers alternately, 
and then electrically connecting each of -the conductive 
layers, wherein at least one of the conductive layers is a 
plated conductive layer formed to have pattern as a result 
of electroforming. 

[Claim 2] A lamination ceramic chip inductor 
according to claim 1, wherein at least one or tne conduc- 
tors connected to the plated conductive layer is a thick 
film conductor formed by printing. 

[Claim 3] A lamination ceramic chip induotoz* , 
comprising a coil-shaped conductive line obtained by 
laminating a plurality of magnetic bodies or insulation 
layers with a plurality of conductive layers alternately, 
and then electrically connecting each of the conductive 
layers; wherein the conductive layer having a shape of a 
straight line or a shape of a wave is interposed between 
the magnetic bodies or the ineulating lay era, and that auch 
conductive layers axe plated conductive lay ear a formed to 
have pattern as a result of electrof orming . 

[Claim 4] A method for producing a lamination 
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ceramic chip Inductor , comprising the steps of: forming a 
plated conductive pattern on a conductive base plate by 
electroforming; transferring the plated conductive pattern 
onto a magnetic sheet ox onto an insulation layer; forming 
a lamination body by laminating a plurality of magnetic 
sheets or a plurality of insulation layers having the 
plated conductive pattern transferred thereon wnile 
electrically connecting the conductive patterns on the 
adjacent magnetic sheets or on the adjacent insulating 
layers to each other; and sintering the lamination body. 

(Claim 3] a method for producing a lamination 
ceramic chip inductor , comprising the steps of: forming a 
pi a tod conductive partem on a conduct:! ve base plate by 
electroforming; forming a first sheet by transferring the 
plated conductive pattern on a magnetic sheet or on an 
insulation layer; forming a second sheet by printing a 
thick film conductive pattern on the magnetics sheet or on 
the insulation layer; forming a lamination body by laminat- 
ing a plurality of first shoots and a plurality of second 
sheets alternately while electrically connecting the plated 
conductive patterns on the first sheets and the thick film 
conductive patterns on the adjacent second sheets to Gach 
other; and sintering the lamination body. 

[Claim 6] A method for producing a lamination 
ceramic chip inductor , comprising the steps of: forming a 
plated conductive partem on a conductive base plate by 
electroforming; forming first sheets by transferring the 
plated conductive pattern on magnetic sheets or on Insula- 
tion layers; forming second sheets by printing and applying 
a thick film conductor on through-holes and the vicinity 
thereof formed in the magnetic sheets or the insulation 
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layers; forming a lamination body by laminating tha first 
sheets and the second aheets alternately in the manner that 
the second sheet is interposed between two of the first 
sheets while electrically connecting the plated conductive 
patterns on the first sheers and the thick rilm conductive 
patterns on the adjacent second sheet; and sintering the 
lamination body. 

[Claim 7] A method for producing a lamination 
ceramic chip Inductor according to any one of claims 4, 5 
and 6, further comprising the steps ot: printing a magnetic 
body or an insulator on the eleotrof ormed plated conductive 
pattern formed on the conductive base plate and drying; 
adhering a thermally releasable foam sheet on the magnetic 
body or on the insulator by heating and foaming; forming a 
plated conductive greensheet by peeling off the base plate 
from the plated conductive pattern, the magnetic sheet or 
the insulator, ana tne foam sheet; ana forming the lamina- 
tion body using the plated conductive greensheet. 

[Claim 8] A method for producing a lamination 
ceramic chip inductor according to any one of olaima 4, 5 
and 6, further comprising the steps of: adhering the 
thermally releasable foam sheet to the plated conductive 
pattern electron ormed on the conductive base plate by 
heating and foaming; transferring a magnetic sheet or an 
insulator onto the plated conductive pattern after peeling 
off the base plate from the plated conductive pattern and 
the foam sheet; forming a plated conduct! ve greensheet by 
peeling off the foam sheet from the plated conductive 
pattern; end forming the lamination body using the plated 
conductive greensheet. 
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[Claim 9] A method for producing a lamination 
ceramic chip inductor according to any one of claims 4, 5 
and 6, further comprising the steps of: forming a resist 
film having a reversed pattern of a desired plated conduc- 
tive pattern on the conductive base plate, and forming the 
plated conductive pattern by peeling off the resist film 
from the base plate after forming a conductive materiel on 
an area of the resist film where the base plate is exposed 
as a method for electroforming* 

[Claim 10] A method for producing e lamination 
ceramic chip inductor according to any one of claims 4, 5 
and 6, wherein the base plate is a metal plate treated to 
be releasable so as to have conductivity. 

[Claim 11] A method for producing a lamination 
ceramic chip Inductor according to any one of claims 4, 5 
ana o, wnerem the conductive t>ese plate A3 a stainless 
steel plate* 

[Claim 12] A method for producing a lamination 
ceramio chip Inductor according to any one of claims A, S 
and 6, wherein the plated conductive pattern is formed of 
Ag, and the Ag plated conductive pattern is formed using an 
Ag electroplating bath having a pH value of 8*5 or less* 

[Claim 13] A method for producing a lamination 
ceramic chip inductor according to any one of claims 4, 5 
and &, whorain tho baca plato forming the pi a tod conductive 
pattern has a surface roughness (Ra) of 0.0S to 1 pm. 

[Detailed Description of the Invention] 
[0001] 
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[Field of the Invention] 

The present Invention relates to a lamination 
ceramic chip inductor in which a coil-shaped conductive 
line is formed as a result of sintering a lamination body 
of a plurality of magnetic sheets or insulation sheets end 
a plurality of conductive sheets, and a method for produc- 
ing the same; 

[0002] 

[Prior Art] 

Recently, lamination ceramic chip inductors are 
widely used in high density mounting circuits, which have 
been demanded by size reduction of digital devices such as 
devices for reducing noise. 

[0003] 

Hereinafter, a method for producing a conven- 
tional lamination ceramic chip inductor will Ira dodcrifaed ♦ 

[0004] 

A lamination ceramic chip inductor described in, 

i 

for example, Japanese Laid -Open Utility Model Publication 
No. 59-145009 is known* On each of magnetic greensheets, 
a conductive line {conductive paste) of less than one turn 
is prlnred in advance* The magnetic greensheets each 
having the conductive line printed thereon are laminated 
and attached by pressure . A coil-shaped conductive line is 
formed by electrically connecting the conductive lines on 
the top and bottom layers via through-holes formed in the 
magnetic greensheets. Then, the laminated magnetic 
greensheets and the coil-shaped conductive lines are 
entirely sintered • 
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[0005] 

[Problems to be Solved by the Invention] 
However, such a conventional lamination ceramic 
chip inductor requires a larger number of turns of the 
coll -shaped conductive lines and thus requires a larger 
number of layers in order to have a high impedance (or 
inductance ) . 

[0006] 

However, an Increase in the number of layers to 
bo laminated requires a larger number of lemlnation atepe 
and thus raises production cost. In addition, such an 
increase raises the number of points of connection between 
the greensheers, rhus reducing The reliability of connec- 
tion, 

[0007] 

In order -to solve theae problems, a lamination 
ceramic chip inductor is proposed in Japanese Laid-open 
Patent Publication No. 4-93006 as follows. On each of 
magnetic layers of magnetic sheets, a conductive layer of 
one or more turns are formed using a thick film printing 
technology, and the resultant magnetic sheets are laminat- 
ed. The adjacent conductive layers are electrically 
connected -co each other via e through-hole formed ±n 
advance in the magnetic sheets. A lamination ceramic chip 
inductor produced in this manner has a relatively large 
impedance even if the number of the laminated sheets is 
small. 

[0008] 

However, even such a proposal has the following 
two disadvantages* 
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(1) In the case where a small lamination ceramic 
chip inductor io produced using a thick film conductor 
printing technology (an outer profile of, for example, 
2*0 mm x 1*25 nun or 1.6 mm x 0.8 mm), the number of turns 
la approximately 1.5 or less for practical use with the 
production yield and the like considered owing to minute 
printing, in order to produce a lamination ceramic chip 
inductor having a larger impedance, the number of -fcha 
magnetic sheets needs to be increased. 

£00093 

(2) In order to Increase the number of turns of 
one thick film printed conductive layer, the width of the 
thick film conductor needs to be reduced. Since a reduced 
width of the conductor increases the resistance thereof, 
the thickness of the printing needs to be increased. 
However, in order to maintain the printing resolution, the 
xhlckneas of the conductor noodn -bo be reduoed aa -the wid-fcH 

thereof is decreased (for example , when the width of the 
printed conductor is 75 urn, the thickness of the conductive 
pattern when being dry is considered to be restricted to 
approximately 15 urn at the maximum) - 

£0010] 

Accordingly, it is appreciated that the method of 
simply increasing the number of turns of the thick film 
printed conductor is not very practical although the effect 
of reducing the number of the laminated sheets to some 
extent ic recognized. 

[0011] 

In order to reduce the resistance of the conduc- 
tor, Japanese Leid-Open Patent Publication No* 3-219605 
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discloses forming a groove in a greensheet, and filling the 
groove with a conductive paste to increase the thickness of 
the thick film conductor. However, it is difficult to 
mass-produce greensheets grooved in a complicated pattern. 

[00X2] 

Furthermore, Japanese Laid-open Fatenr publica- 
tion No. 60-176208 also discloses a lamination body having 
magnetic layers and conductors of approximately a half turn 
for forming coil alternately laminated, in which the 
conductors to be formed into a conductive coil are formed 
by punching a metal foil to reduce the reel stance of the 
conductor. However, it is very difficult to punch out the 
metal foil with high precision to form a conductor that 
fits into a microscopic planar area as demanded by the 
recent size reduction of various devices. In fact, it is 
impossible to form a complicated coil pattern having one or 
more turns by punching* Moreover, it is difficult to 
arrange a plurality of metal foils obtained by punching at 
a constant pitch on the magnetic sheet with high precision. 
Furthermore, when the metal foils adjacent to each other 
with a magnetic sheet interposed therebetween ere connected 
at the ends of the patterns, defective connection can occur 
when the connection technology is low. 

[0013] 

As a solution to the above-described problems 
from a different point view, Japanese Patent Publication 
No. 64-42S0Q and Japanese Laid-open Patent Publication 
No. 4*314876 disclose a method for producing a lamination 
ceramic capacitor by transferring a metal thin layer formed 
on a film onto a ceramic greensheet. 
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[0014] 

In other words , a desired metal layer Is obtained 
by wet plating on a releasable metal thin layer formed on 
a film by evaporation. When necessary, an extra portion of 
the metal layer is removed by etching. The resultant 
pattern is transferred onto a ceramic greensheet. 

tools] 

By applying such a transfer method, it is possi- 
ble to form a coil-shaped conductive line and transfer the 
conductive line onto a magnetic greensheet. 

[0016] 

Namely, a lamination ceramic chip inductor with 
a large impedance can be obtained by etching a relatively 
thin metal layer (having a thickness of, for example, 10 pm 
or lees) formed on a film to be transferred using a 
photoresist method and -thus obtaining a fine conductive 
pattern (having a width of, for example, 40 pm and a space 
between lines of, for example, 40 Jim). 

[0017J 

By the above-described transfer method, it is 
difficult to obtain a relatively thick metal film to be 
transferred (having a thickness of, for example, 10 pro or 
more) with a fine precision in pattern. 

[0018] 

The reason is -that, since the metal layer which 
is once formed on the entire surface is patterned by 
removing an unnecessary portion by etching by the transfer 
method u3ing wet plating, production of a fine conductive 
pattern becomes more difficult as the thickness of the 
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moral layer increases* 
[0019] 

Moreover, since the desired metal pattern la 
obtained under -the etching resist, the etching resist needs 
to be removed before transferring the metal pattern. When 
the etching resist Is removed , the metal pattern may be 
r amoved too ether with the resist. Such a phenomenon is 
more likely to occur as the thickness of the metal layer 
increases. A conceivable reason is that, as the thickness 
of the metal layer inoreaaeB/ etching requires a longer- 
period of time and thus the thin metal film layer is 
exposed to the etchant to a higher degree. 

[0020] 

Accordingly, the objective of reducing the 
resistance of the conductor cannot be fully achieved even 

by -thio tronafer method • 
[0021] 

[Means for Solving the Problems] 

In order to solve the above-mentioned problems* 
a lamination ceramic chip inductor according to the present 
invention includes a coil -shaped conductive line obtained 
by laminating a plurality of magnetic bodleo or inaulotlon 
layers with a plurality of conductive layers alternately, 
and then electrically connecting each of the conductive 
layers, wherein at least one of the conductive layers la a 
platad conductive layer formed to have pattern as a result 
of electrof orming • 



[0022] 

[Function] 
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By such a structure, since the conductive pattern 
of a lamination ceramic chip inductor produced according to 
the present invention is formed by electrof orming using a 
photoresist film or the like, the thickness of the conduc- 
tive pattern can be sufficient to obtain a sufficiently low 
resistance, end the width of the conductive pattern can be 
adjusted with high precision. 

[0023J 

In oontrast to a thick film conductive pattern 
formed by printing ox* -the like, the oonduotivo pattern 
formed according to the present invention is shrunk in the 
thickness direction only slightly by sintering. Thus, the 
magnetic layer and the conducrive layers are not 
deiamlnated from each other at all* 

[0024] 

( Bicamploo ] 

(Example 1) 

Hereinafter, a first example of the present 
invention will be described with reference to the drawings. 

C0025] 

Figure 1 is an exploded isometric view showing a 
structure of a lamination ooramio ohip inductor in a first 
example according to the present invention. 

[0026] 

In all the figures, only one lamination ceramic 
chip inductor is illustrated for simplicity. In actual 
production, a plurality of lamination bodies are formed on 
one plate and separated after the lamination bodies are 
completed . 
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t0027] 

In Figure 1, the reference numerals 1, 3 and 6 
denote magnetic sheets. The reference numerals 2 and 5 
denote coil-shaped plated conductors formed to be trans- 
ferred on the magnetic sheets 1 and 6, the conductors being 
formed by electroforming; namely, by forming a resist film 
having a desirable pattern and then forming a conductive 
pattern by plating* The reference numeral 4 denotes a 
through-hole for connecting the coil-shaped plated conduc- 
tors 2 and 5 to each other. 

[0028] 

A method for producing the lamination ceramic 
chip inductor having the above-described structure will be 
described, hereinafter. 

[0029] 

First/ o method for forming the coil-ghoped 
plated conductors 2 and 5 formed to be transferred by 
electroforming will be described with reference to Figure 
2* 

10030] 

As shown In Figure 2, a stainless steel base 
plate B is entirely treated by strike plating with Ag to 
obtain an Ag release layer 9 having a thickness of approxi- 
mately 0-1 pm or less as a conductive release layer. 
[0031] 

The strike plating with Aa can be performed by 
using an alkaline Ag-CN type plating bath, which is 
generally used- An exemplary composition of an alkaline 
Ag-CN type plating bath is shown in Table 1. 
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[0032] 

[Table 1] 

Exemplary composition of Ag strike placing bath 



AgCN 


3,8 to 4-6 g/e 


KCN 


75 to 90 g/Z 


Liquid temperature 


20 TO 30 *C | 


Current density 


1.6 to 3*0 A/dm z | 



[0033] 

when the Ag plating bath shown In Table 1 is 
used, an Ag release layer 9 having a thickness of approxi- 
mately 0.1 pm can be obtained in approximately 5 to 20 
seconds - 

[0034] 

One probable reason that the Ag release layer 9 
has releasability is: since an Ag layer is formed by strike 
plating (high-speed plating) on the stainless steel base 
plate a which has a low level of adherence with Ag, the 
resultant Ag layer becomes highly strained and thus cannot 
strongly adhere the stainless steel base plate 8* 

[0035] 

In order to obtain an optimum level of releas- 
ability between the Ag release layer 9 and the stainless 
steel base plato 8, the (urfaco of tho stainless stool base, 
plate 8 is preferably roughened to have a surface roughness 
(Ra) in the range of approximately 0*05 pm to approximately 
1 pm. 
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[0036] 

As a method for roughening trie surface, acid 
treatment, blasting or the like can be used. In the case 
where the surface roughness (Ra) is approximately. 0.05 ym 
or loss, the adherence between the Ag release layer 9 and 
the stainless steel base plate 8 is insufficient, and thus 
the Ag release layer 9 is possibly delamlnated during the 
later in the process. In the case where the surface 
roughness (Ra) is approximately 1 pro or more, the adherence 
between the Ag release layer 9 and the stainless steel base 
plate 8 ic exoecclve and thue the Ag release layer 9 may 
not be satisfactorily transferred onto the magnetic sheet, 
or the resolution of a plating resist pattern 11 may be 
lowered. 

[0037] 

On the other hand, roughening the surface of the 

otainlaso ofeeol baoo plate 8 Appropriately hoa auch aide 

effects that the adherence of the plating resist pattern 11 
which is formed in the next step is improved and that the 
Ag release layer 9 is prevented from being released during 
removal of the plating resist pattern 11. 

[0038] 

The Ag release layer 9 can also be formed by 
silver mirror reaction. 

Furthermore, the base metal plate can be formed 
at a material other than stainless steel and processed to 
have releasablllty so as to be conductive. Main materials 
and the respective methods are shown in Table 2. 



[0039] 
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[Table 2] 

Exemplary metal a usable as base metal plate 



Usable metal 


Marnad for providing reJLeasabllity 


Iron-nickel - 
type metal 


Anodizing with Na0H(10%) (forming 
an dxcesfiively thin oxide film) 


Copper-nickel- 
type metal 


Immersing in potassium bichromate 
to form a chromate film. 


Aluminum 


Immersing in a zinc substitution 
liquid to treat with zincate. 


Copper, brass 


Immersing in a 0.5% solution of 
selenium dioxide 



[0040] 

Instead of using a metal base plate, a similar 
effect can be achieved by using a printed circuit board 
having a copper foil laminated thereon, or by providing a 
PET film or the like with conductivity, but a metal plate 
is more efficient since it is not necessary to provide a 
metal plate witb conductivity . 

[0041] 

In particular, a ctainloss steel plate ie chemi- 
cally stable and has satisfactory releas ability due to a 
chrome oxide film existent on a surface thereof, and thus 
is the easiest to use. 



[0042] 

After the Ag release layer 9 Is formed, a dry 
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film resist ia laminated on the Ag release layer 9 and pre- 
dried. Then, the dry film resist Is exposed to light and 
thus developed using a photomask used to form a conductor 
coil having a width of 70 pm and approximately 2.5 turns on 
each of unit areas having a size of 2.0 x 1.25 mm a , thereby 
forming the plating resist pattern 11 having a thickness 
T *» 55 pm. 

[0043] 

As the photoresist , various kinds of plating 
resist (liquid, pas re, dry film) can he used, a dry film 
has a uniform thickness of the resist and thus controls the 
thickness of the conductive film with relatively high 
precision, but is preferably used fox forming a conductive 
pattern having a width of approximately 50 pm or more with 
the sensitivity thereof being considered. 

In the case of a liquid photoresist, a conductive 
pattern having a width of several microns can be obtained. 

[0045] 

In the case of a paste photoresist, which is the 
photoresist most generally used, a conductive pattern 
having a width of approximately 40 pm and a ThlcKness of 
approximately 30 to 40 pra can be obtained, 

[0046] 

In such a case, for examplo, a coil -shaped 
conductive pattern having approximately five turns can be 
easily formed on a plane of 2 # 0 x 1.25 nun 2 , and a pattern 
having approximately three turns can be easily formed on a 
plane of 1.6 x 0.8 mm 2 . 



1? _ 6-217150 



[0047] 

Moreover, depending on the kind of the resist, 
the resist tXlm can t>o ooated by printing, spin-coaring,' 
roll-coating, dipping, lamination or the like. 

[0048] 

The enpoaura ±a performed by an exposure device 
emitting collimated ultraviolet light rays, and conditions 
such as exposure time and the light intensity are deter- 
mined in accordance with the characteristics of the 
resists. 

[0049] 

Furthermore, development is performed using a 
developer suitable for the resist used. 

when necessary, exposure to ultraviolet or post- 
OUrina is performed after- tho d wo Xo pm ,nt to tmprovo tha 
resistance of the resist film against chemicals. 

[0050] 

Next, after the plating resist pattern 11 is 
formed, an Ag conductive pattern 10 to be transferred 
having a necessary thickness t is formed by immersing the 
plating resist pattern 11 In an Ag electroplating bath, in 
■chis example, the Ag conductive pattern 10 is formed so 
that the thickness t is approximately 50 urn. 

[0051] 

The most important point in this step is that an 
alkaline Ag plating bath, which is the type generally used, 
is not used. 
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£0052] 

Since an alkaline bath acts as a removing liquid 
to the plating resist film, it destroys the plating resist 
pattern 11 produced in the previous step. 

C0053] 

Accordingly, a weak alkaline (neutral) or acid Ag 
plating bath is required. A weak alkaline < neutral) 
plating bath shown in Table 3 can be used as a weak 
alkaline (neutral) plating bath. 

[0054] 

(Table 3] 

Exemplar y composixion of weak alkaline ( neutral ) Ag plat ing 
bath " " " * 



... 

KAg(CN), 


30 g/S. 


KSCN 


330 g/« 


Potassium citrate 


5 g/« 


PH 


7.0 to 7.5 


Liquid temperature 


Room temperature 


j Current density 


2.0 A/dm 2 ax laaa 



[0055] 

The adjusrinent of the pH value is performed by 
ammonia and a citric acid. As a result of various axpari- 
ments, plating resist of most kinds are removed by having 
a pH value of more than 8.5. 



[0056] 
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Accordingly, the pH value is preferably eet * 0 bo 
8.5 or leas. 



Alternatively, an acid plating bath shown in 
Table 4, or the like can be used. 



[0057] 



[Table 4] 

Exemplary composition of acid Ag plating bath 



Agci 


12 gfz 


Na,S 2 0 a 


36 g/« 


flwBHSO, 


4-5 g/A ~~ 1 


NaS0 4 


11 g/& 


PH 


5.0 to 6.0 


Liquid temperature 


20 to 30»C 1 


current density 


1.5 A/dm 2 or less fl 



[0058] 

The Ag platina bath shown in Tabl© 4 did no* 
remove the plating resist because of being acid. By adding 
a surfactant (methyliinida*olethiol, furfural, turkey-red 
oil, or the like), the Ag brilliance and the smoothness of 
the surface were Improved. 

[005$] 

In this example, a weak alkaline (neutral) bath 
shown in Table 3 was used. The pH value was set to 7,3. 



[0060] 
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However, the current density for plating Is 
approximately 1A / dm 2 . 

The current density was set to be such a value 
because when the current density Is set to be high in order 
to perform plating in high speed , strain of the Ag conduc- 
tive pattern 10 is generated, thus possibly removing the Ag 
film before the pattern is transferred. 

[0061] 

Xn this example , tho Ag oonduotlvo pai:-torn 10 
having a thickness of approximately 50 pm took approximate- 
ly 260 minutes for plating. 

[0062] 

By the way, the Ag release layer 9 was formed by 
strike Ag plating bath (alkaline). Alternatively, the Ag 
film in the vioini-fcy of the interface with -the o-toinleaa 
steel base plate 8 can be provided with releasablllty by 
sufficiently straining xne Ag film in a weak alkaline (neu- 
tral) or acid bath shown above, in which a sufficiently 
high current density is used for the first several minutes. 

[0063] 

In this case, the structure becomes as shown in 
Figure 3, and thus it is unnecessary to form the Ag release 
layer 9. 

[0064] 

Next, the plating resist: pattern 11 is removed 
and a structure shown in Figure 4 is obtained. 

A removing liquid suitable for a plating resist 
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film can be used for the plating reel at pattern 11: 
however, usually , the removal can be performed by immersing 
in an approximately 5% solution of NaOH ( liquid temperature 
of approximately 40°C) for approximately 1 minute. 

[0065] 

After the plating resist pattern 11 la removed, 
the Aq release layer 9 havina a thickness of approximately 
0.1 pm is treated by soft etching (etching time for several 
seconds) with dilute nitric acid (5%) to leave the isolated 
coll -shaped Ag conductive pattern 10 on the stainless ateel 
base plate as is shown in Figure 5. The Ag conductive 
pattern 10 corresponds to the coil-shaped conductive 
patterns 2 and 5 snown in Figure 1, having approximately 
2.5 turns. 

[0066] 

Ae tho «o£t ^fcoHan*? £oar -fcHo Ag rolodoo layer S, 

a sulfuric acid bath of chromic anhydride, a hydrochloric 
acid bath of an Iron chloride , or the like can be also used 
as well as the dilute nitric acid. 

[0067] 

Soft etching performed only for several seconds 
cannot remove the Ag releaee layer beneath the ooil-ehaped 
plated conductive pattern, and thus the Ag conductive 
pattern is not removed. 

[0068] 

Hereinafter, a method for forming the magnetic 
sheets 1, 3 and 6 will be described. 

A resin such as a butyral rosin, an acrylic resin 
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or ethyl cellulose , and a plaaticizer such ao 
dibutylphthalate are dissolved In an alcohol having a low 
boiling point such as isopropylalcohol or butanol, or in a 
solvent such as toluene or xylene to obtain a vehicle. The 
vehicle and a Ni*Zn«Cu type ferrite powder, (having an 
average diameter of approximately 0.5 to 2.0 pm) are 
kneaded together* to form a ferrite paste (slurry). The 
ferrite paste is formed on a PET film using a doctor blade 
and -then dried at about 80 to 100 *c until slight tackiness 
is left. 

[0069] 

As for the thickness of each of the magnetic 
sheet layers 1, 3 and C; the magnetic sheet layers 1 and 6 
are each formed to have a thickness of approximately 0.3 to 
0.5 nun, and the magnetic sheet layer 3 is formed to have a 
thickness of 20 to 100 ptn. Then, by punching or the like, 
the through-hol* 4 Having nidoe of approximately 0. 15 to 

0.3 mm long is formed. 
£0070] 

Next, the steps for transferring and laminating 
the coll -shaped plated conductors 2 and 5, with the 
magnetic sheet layers 1, 3 and 6 will be described. 

[0071] 

Firet, the coil-shaped plated conductor 2 already 
formed is pressed and transferred on the magnetic sheet 
layer 1 formed on the PET film (if necessary, prossure and 
heat can be provided). Alternatively, the coil-shaped 
conductor 2 can be pressed and transferred on a face of the 
magnetic sheet layer 1 having tackiness (the surface which 
has been in contact with the PET film) after releasing the 
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magnetic sheet layer X from the PET film. 
[0072] 

The coil-shaped plated conductor 2 has appropri- 
ate releaeability from the stainless steel base plate 8 and 
also has appropriate adhesion with the magnetic sheet layer 
1. Thus, the coil-shaped conducror 2 can he easily 
transferred on the magnetic sheet: layer 1 by peeling of£ 
the magnetic sheet layer 1 from the stainless steel base 
plate 8. 

[0073] 

Moreover, in the case where the strength of the 
magnetic sheet layer 1 ±s insufficient, an additional 
strength can be provided by forming a viscous sheet on the 
magnetic sheet layer 1. 

C0074] 

Furthermore, in the same manner-, the coil-shaped 
plated conduotor 5 is transferred on the magnetic sheet 
layer 6. 

[0075] 

in addition, the two coil-shaped plating conduc- 
tors 2 and 5 thus obtained are transferred on the magnetic 
sheet layers 1 and 6, respectively. The magnetic sheet 
layer 3 ia placed between the magnetic sheets 1 and 6 so 
that the two coil-shaped plated conductors 2 and 3 are 
laminated to be connected to each other via the throuoh- 
hole 4. The adherence between the layers is strengthened 
by adding heat (60 to 120*0 and pressure (20 to 
100 kg/cm 2 ). 
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[0076] 

However, electrically connecting the two coil- 
shaped conductors 2 and 5 with betrer ohmlc electric 
connection can be obtained by interposing a thick film 
conductor . Accordingly, a printed thick film conductor 7 
is preferably printed and filled in the through-hole 4 of 
the magnetic sheet layer 3 as is shown in Figure 13. 

[0077] 

In the above-described process, generally, a 
plurality of conductive pattexrxs axre formed on one sheet: in 
order to obtain a plurality of lamination aeramlc chip 
inductors at the same time to improve the production 
efficiency. Accordingly, afrer the resultant sheet is cut 
into a plurality of bodies, each body is sintered at a 
temperature of 850 to 950 *C for approximately 1 to 2 hours. 

X 0070 3 

Lastly, electrodes formed of a silver alloy for 
connection with an external device are formed on each of 
two opposed side surfaces of each integral body so as to be 
electrically connected to the internal coil-shaped plated 
conductor; and by sintering at approximately 600 to 850 *C, 
outer electrodes 12 shown in Figure 6 are formed. When 
naceasax-y, the outer eleotrodec 12 are plated with Ni, 
solder or the like. 

[0079] 

By these steps, the lamination ceramic chip 
inductor having an outer size of 2.0 x 1.25 mm and a 
thickness of 0.8 mm is obtained. The internal conductor, 
which includes two coil-shaped plated conductors 2 and 5 
each having approximately 2.5 turns, has a ooil-ehaped 
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conductive line having 5 turns in -total. Accordingly, an 
impedance of approximately 700 0 is obtained at a frequency 
of 100 MHz. 

[0080] 

The DC resistance could be as small as approxi- 
mately 0.12 Q because the thickness of the Ag conductor was 
approximately 50 pm. 

[0081] 

Moreover, -the lamination ceramic chip inductor 
according to this example was cut for observation* No 
specific gap was observed at the interfaces between the Ag 
conductor and the magnetio layers* 

[0082] 

The conceivable reason is that the conductor coil 
produced by eleatroforming according to the present inven- 
tion scarcely shrinks from sintering in contrast to a 
conductor ooil formed of thioK film conductor*, and thus Ag 
conductor is surrounded by magnetic body with a high densi- 
ty. 

[0083] 

(Example 2) 

Hereinafter, a second example of the present 
invention will be described with reference to the accom- 
panying drawing* 

[0084] 

Figure 7 is an exploded isometric view showing a 
structure of a lamination ceramic chip inductor in the 
second example of the present invention* 
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[0085] 

In Figure 7, the reference numerals 13 and 18 
denote magnetic sheet layers, and the reference numeral IS 
denotes a magnetic sheet layer in which a through-hole 16 
Is formed. The reference numeral 14 denotes a coll- shaped 
plated conductor formed to be transferred as a result of 
electroformlng, and the reference numeral 17 denotes a 
thick film conductor printed on the magnetic sheet layer 
having a through- hole 16, The coil* shaped plated conductor 
14 formed to be transferred by electrof orraing and the 
printed thick film conductor 17 are connected to each other 
via the through-hole 16. 

[0006] 

A method for producing the lamination ceramic 
chip inductor having the above-described structure will be 
described. 

C0087] 

First, the coil-shaped plated conductor 14 to be 
transferred is produced by electroforming in the same 
manner as in the first example. 

[0088] 

In this example, a pattern having a wldtK of 
approximately 40 pm, a thickness of approximately 35 pm, 
and approximately 3.5 turns was obtained on an area of 
1.6 x 0.8 mm 2 . 

[0089] 

The resist used is a printable, paste- type resist 
with high sensitivity. 
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Hereinafter, a method for forming tha magnetic 
sheet layers 13, 15 and 18 will be described. 

[0090] 

A ream such as a butyral resin, an acrylic renin 
or ethylcellulose, and a plesticizer such as 
ditoutyipnthaiate are dissolved in a solvent having a high 
boiling point such as terplneol to ohtain a vehicle. The 
vehicle and a Ni-Zn-Cu type ferrite powder (having an 
average diameter of 0.5 to 2.0 p) ate kneaded together to 
form a £e«rite paste. The £e«:±*e paste ±a printed on a 
PET film using a metal mask and then dried at approximately 
80 to 100'C (printing and drying are repeated a plurality 
of times, if necessary) until the thickness of the ferrite 
paste becomes approximately 0.3 to 0.5 mm. Thus, the 
magnetic sheet layers 13 and 18 are obtained. 

(0001] 

Alternatively, each of the magnetic sheet layers 
13 and 18 can be obtained by laminating a plurality of 
magnetic sheet layers printed and dried to have a thickness 
of approximately 50 to 100 pm. 

[0092] 

The magnetic sheet layer 15 i a produced by 
forming a pattern having the through-hole 16 on a PET film 
by screen printing. The thickness of the magnetic sheet 15 
is adjusted to be approximately 40 to 100 um. 

[0093] 

The coil-shaped plated conductor 14 already 
formed is pressed and transferred on the magnetic sheet 
layer 13 formed on the PET film. The condition of pressur- 
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ing is preferably selected from the range of 20 to 
100 kg/cm a , and the condition of heating is preferably 
selected from the range of 60 to 120 *C. 

[0094] 

The coil-ghaped plated conductor 14 has appropri- 
ate reusability from the stainless steel base plate and 
also has appropriate adhesion with toe magnetic cheat i« yox 
13. Furthermore, the coil-shaped plated conductor 14 ha* 
a relatively small width of 40 pro and thus is slightly 
buried in tha magnetic sheet layer 13. As a result , the 
coil-shaped plated conductor 14 can he transferred on the 
magnetic sheet layer 13 easily. 

[0095] 

Alternatively, the transference can be parformad 
by pressing the coil-shaped plated conductor 14 on a 
Burfaoa o£ magnetic sheet layer 13 having plasticizer 

in the same manner as in the first example. 

[0096] 

Then, the thick film conductor 17 ie printed on 
the magnetic sheet layer 15 having the through- hole 16. 

[00973 

Furthermore, the magnetic sheet 13 having the 
coil-shaped plated conductor 14 transferred thereon and the 
magnetic sheet layer 15 having the thick film conductor 17 
.transferred toereon are laminated bo that the ooil-ehapea 
plated conductor 14 and *h* thick film conductor 17 are 
connected to each other via the through-hole 16. The 
magnetic sheet layer 18 is laminated on the resultant body, 
and then the body is heated and pressurized to be formed 
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into an integral body. 
[0093] 

In the above-described steps, a plurality of 
conductive patterns are formed on one sheet, in order to 
obtain a plurality of lamination ceramic chip inductors at 
the same time to improve the production efficiency. 
Therefore, after* -the resultant eheet to out Into e plurali- 
ty of bodies , each body lo eintared at a tomporature of 850 
to 950 *C for approximately 1 to 2 hours. 

C0099] 

Lastly, electrodes for connecting with an exter- 
nal device are formed on each of two opposed side surfaces 
of each body and connected to the conductive coll* Then, 
the elecrtrodoe are sintered at approximately 600 -to 850*C, 
thereby forming outer electrodes 12 shown in Figure 6. 
When necessary, the outer electrodes 12 are plated with Nl, 
solder or the like. 

[0100] 

By these steps , the lamination ceramic chip 
inductor having an outor size of 1.6 * 0.8 mm 3 and a 
thickness of 0.8 mm is obtained. The internal conductor 
has a two-layer srructuxe including the coil- shaped plated 
conductor 14 having approximately 3.5 turns and the thick 
film conductor 17 having a shape of straight line connected 
to the coil-shaped plated conductor 14 via the through- 
hole* Since the lamination ceramic chip inductor has a 
ooll-shapod conductive line having a total of 3*5 turns, an 
impedance of approximately 300 n could ba obtained at a 
frequency of 100 MHz. 



1 
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[0101] 

The DC resistance could be approximately 0.19 ft 
because the thickness of the Ag conductor was approximately 
35 pm. 

[0102] 

in this example, only two conductors i.e,, a 
coil-shaped plated conductor 14 to be transferred and a 
thick film conductor 17 are formed. When necessary, a 
plurality of coil-shaped plated conductors 14 to be 
transferred and a plurality of thick film conductors 17 can 
be connected alternately. 

[0103] 

Moreover , as described in this example , by 
combining the thick film conductor and the coil-shaped 
plated conductor, the connecting reliability is improved 
than in the case where the coil-ohaped plated conductors 
are directly connected to each other* 

[0104] 

The conceivable reason for this is that the 
lamination body is sintered in the state where the adher- 
ence between the coil-shaped plated conductor and the thick 

film conductor io stzrengt honed because the thick film 
conductor is strained easily during the lamination. 

[0103] 

(Example 3) 

Hereinafter , a third example of the present 
Invention will be described with reference to the accom- 
panying drawing. 
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[0106] 

Figure 8 Is an exploded isometric view showing a 
structure of a lamination ceramic chip inductor in the 
third example of the present invention. 

[0107] 

In Figure 8, the reference numerals 19 and 24 
denote magnetic sheet layers, and the reference numeral 21 
denotes a magnetic sheet layer having a through-hole 22* 
The reference numerals 20 and 23 denote coil-shaped plated 
conductors formed to be transferred by eleatrof orroing . The 
reference numeral 25 denotes a printed thick film conductor 
formed in the magnetic sheet layer 21 so as to fill the 
through-hole 22* The coil-shapea plated conductors 20 and 
23 and the printed thick film conductor 25 are connected to 
each other via the through-hole 22* 

[0X08] 

A method for producing the lamination ceramic 
chip inductor having the above-described structure will be 
described. 

[0109] 

First, the coil-shaped plated conductors 20 and 
23 formed to be transferred are produced by eleotrof ormlng 
in the same manner as in the first example. 

[0110] 

In this example, the coil-shaped plated conductor 
20 to be transferred having approximately 3.5 turns and 
coil-shaped conductor 23 to be transferred having approxi- 
mately 2.5 turna were obtained on a plane of approximately 
1.6 x 0-8 mm 2 , both coil-shaped plated conductors having a 
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width of approximately 40 pm and a thickness o£ 35 pm. 
[0111] 

The used resist is a printable, paste- type resist 
with high sensitivity. 

Hereinafter, a method for forming the magnetic 
sheet layers 19^ 21 and 24 will be described. 

[0112] 

A resin such oa a butyrel realn, on acrylic realn 
or ethylcellulose, and a plastlcizer such as 
dibutylphthalate are dissolved in a solvent having a high 
boiling point such as terpineol to obtain a vehicle. The 
vehicle and a Ni-Zn-Cu type ferrite powder (having en 
average diameter of 0,5 to 2.0 pm) are kneaded together to 
form a ferrite pasta. The ferrite paste is printed on a 

PBT £j-±nt uoing « mot:*! maek and then dxiod at approjiirndtcly 

80 to 100*C until slight tackiness is left. Thus, the 
magnetic sheets 19 and 24 each having a thickness of 
approximately 0.3 to 0*5 mm are obtained. The magnetic 
sheet 21 is produced by forming a pattern having the 
through-hole 22 on the PET film by screen printing, and the 
thickness thereof is adjusted to be approximately 40 to 
100 pm. 

[0113] 

Then, the thick film conductor 25 is printed so 
as to fill the through-hole 22. 

Next, the coil-shaped plated conductor 20 to be 
transferred which is already formed is pressed and trans- 
ferred onto the magnetic sheet layer 19 formed on the PET 
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film (if necessary, proccurd and heat are provided). 
[0114] 

Similarly / the coll- shaped plated conductor 23 to 
be transferred is transferred onto the magnetic sheet layer 
24. 

(0115] 

The coil-shaped plated conductor 23 can be 
transferred onto the magnetic sheet layer 21 instead of the 
magnetic sheet layer 24. 

[0116] 

Furthermore, -the magnotic sheet 21 having tha 
through-hole 22 is placed between the magnetic sheet layer 
19 having the coil-shaped plated conductor 20 transferred 
thereon and the magnetio sheet layer 24 having the coil- 
ahopcd pXoted conductor 23 thereon. The coiX-snepea plored 
conductors 20 and 23 to be transferred are connected to 
each other via the thick film conductor 25 filling the 
through-hole 22, and the resultant body is laminated, 
heated and pressurized to be formed into an integral hody. 

[0117] 

in -the above-described steps, generally, a 
plurality of conductive patterns are formed on one sheet in 
order to obtain a plurality of lamination ceramic chip 
inductors to improve the production efficiency. Therefore / 
the resultant sheet is cut into a plurality of bodies, and 
each body ie sintered at a temperature of 850 to 1,000*C 
for approximately 1 to 2 hours* 
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Lastly, electrodes for connection with an exter- 
nal device are formed on each o£ two opposed aide surfaces 
of each body to be connected to the internal conductive 
coll* Then, the body is sintered at approximately 600 to 
850 *C to form outer electrodes 12 shown in Figure 6- In 
addition, when necessary, the outer eleotrodes 12 are 
plated with Ni, solder or the like. 

[01191 

By such steps, the lamination ceramic chip indue* 
tor having an outer size of approximately 1.6 x 0*8 mm 2 ond 
a thickness of approximately 0.8 mm was obtained. The 
internal conductor has a two- layer structure including the 
coll -shaped plated conductor 20 having a width of approxi- 
mately 40 |im and approximately 3.5 turns and the coil- 
shaped plated conductor 23 having approximately 2,5 turns. 
Since the lamination ceramic chip inductor has a coil- 
shaped conductive line having a total of 6 turns, on imped- 
ance of approximately 1,000 Q could be obtained at a 
frequency of 100 MHz. 

[0120] 

The DC resistance could be approximately 0.32 0 
because the thickness of the coil-shaped plated conductor 
was approximately 35 urn. 

[0121] 

(Example 4) 

Hereinafter, a fourth example of the present 
invention will be described with reference to the accom- 
panying drawing. 
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Figure 9 ifi an exploded isometric view chewing a 
structure of a lamination ceramic chip inductor in the 
fourth example of the present invention* 

[0123] 

Xn Figure 9, the reference numerals 26 and 31 
denote magnetic sheet; layers, the reference numeral 28 
denotes a magmotlo sheet layer having a through-hole 29, 
and the reference numerals 27 and 30 denote coil -shaped 
plated conductors formed to be transferred by 
electrof orming . 

[0124] 

Tha coil-shaped plated conductors 27 and 30 
formed to be transferred by electroformlng are connected to 
each other via the through-hole 29. 

[Ol25] 

The production method of the lamination ceramic 
chip inductor having the above-described structure is the 
same ae in the first example and thus will be omitted* 

[0126] 

By this example, a lamination ceramic chip induc- 
tor having an outer else of approximately 2*0 x 1.25 nun 2 
and a thickness of approximately 0.8 mm was obtained. The 
internal conductor has a two-layer structure including the 
coil-shaped plated conductor 27 having a width of approxi- 
mately 40 um and approximately 5.5 turns and the coil- 
shaped plated conductor 30 having approximately 2.5 turns 
connected to the coil-shaped plated conductors 27 via the 
through-hole 29. Since the lamination cerajnic chip 
inductor has a aoil-chapad conductive line having a total 
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Of 8 turns, an impedanoe of approximately 1,400 ft would be 
obtained at a frequency of 100 MHz. 

[0127] 

The DC resistance could be approximately 0*47 a 
because the thickness of the coil-shaped plated conductor 
was approximately 35 pm. 

[0128] 

(Example 5) 

Hereinafter, a fifth example of the present 
Invention will be described with reference to the accom- 
panying drawings. 

[0129] 

A lamination ceramic chip inductor in this 
example will be described with reference to Figure 7 since 
it has the same structure as mat or tne maucxor xn the 
second example. 

[0130] 

Xn Figure 7, the referenoo numorala 13 and 18 
denote magnetic sheet layers, the reference numeral 15 
denotes a magnetic sheet layer having a through-hole 16, 
the reference numeral 14 denotes a coil-shaped plated 
conductor formed to be transferred by elect reforming, and 
the reference numeral 17 denotes a thick film conductor 
printed on the magnetic sheet layer having the through-hole 
16. The coil- shaped plated conductor 14 to be transformed 
formed by electroforming and the printed thick film conduc- 
tor 17 are connected ro each otner via rhe through-hole 16. 
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Hereinafter, a method for producing the lamina- 
tion ceramic chip inductor having the above-described 
structure will be described. 

[0132] 

First, the coil-shaped plated conductor 14 formed 
to be transferred having a width of approximately 40 pm, a 
thickness of approximately 35 pm, and approximately 3.5 
turns was obtained on a plane of approximately 1.6 x 0. 
8 mm 2 in the same manner as in the second example. 

C0133] 

Next, a method for forming the magnetic sheet 
layer 13 will be described with reference to Figure 10* 

A resin such as a butyral resin, an acrylic resin 
or ethyl cellulose, and a plasticlzer such as 
dibutylphthalate are dissolved in a solvent having a high 
boiling point such as texpineol to obtain a vehicle* The 
vehicle and a Nl*Zn*Cu type ferrite powder (having an 
average diameter of 0*5 to 2.0 yra) are kneaded together to 
form a ferrite paste. The ferrite paste is printed on a 
stainless steel base plate 32 having an Ag conductive 
pattern 34 formed thereon using a metal mask and then dried 
at approximately 80 to 100 *C (when necessary, printing ana 
drying repeatedly) until the thickness of the ferrite paste 
becomes approximately 0.3 to 0.5 mm* 

C0134] 

Then, a thermally releaeable sheet 35 is pasted 
on the magnetic sheet layer 33 (if necessary, pressure and 
heat can be provided). Then, the Ag conductive pattern 34 
and the magnetic sheet layer 33 are peeled off from the 
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stainless atool base plato 32 together with the thermally 
releasable sheet 35 ♦ 

[0135] 

In this manner, a greensheet having the coil- 
shaped plated conductor 14 formed on the magnetic sheet 
layer 13 is obtained. 

[0136] 

When necessary, before forming the magnetic sheet 
layer 33 by printing, on Ag release layer 9 as shovm In 
Figure 2 in the first example can be formed on the stain- 
less steel base plate 32 having the Ag conductive pattern 
34 formed thereon . 

£0137] 

By providing such an Ag release layer, the 
reieasabllity between the magnetic shee-c layer 33 ana the 
stainless steel base plate 32 can be further improved. The 
Ag release layer can be formed by performing dip-coating of 
a liquid fluorine coupling agent 
( porfluorodooyltriethoxyoilane or the like) and drying at 
approximately 200 °C The thickness of the release layer is 
preferably approximately 0.1 pm. 

[0138] 

On the other hand, the magnetic sheet layer 15 is 
formed on the PET film by screen printing so as to have the 

tfotougrh-holo 3.6. The -fcHiolcnaea o£ -bho chd^t la adjue-fcaa -to 

be approximately 40 to 100 \im, and the sheet is laminated 
on the coil-shaped plated conductor 14. 
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As the laminating conditions „ the pressure is 
preferably selected from the range of 20 to 100 kg/cm 2 , and 
the heating temperature is preferably selected from the 
range of 80 to 120*C. 

[0140] 

In this example, the coil-shaped plated conductor 
14 ia buri*d in -tho ma^notia fihaat layar X3 and has little 
ruggedness. Accordingly, the magnetic sheet layer 15 can 
be easily transferred on the magnetic sheet layer 13, 

[0141] 

Next, the thick film conductor 17 is printed on 
the magnetic sheet layer 15 so as to be connected to the 
coil-shaped plated conductor 14 via the through-hole 16. 

[0142] 

Then, tne magnetic sneer layer ao is laminoUid 
thereon followed by heating and pressurizing to be formed 
into an integral body. In this case, the magnetic sheet 
layer 18 oan be laminated by printing directly. 

[0143] 

The rest of the steps (cutting and sintering of 
the resultant greensheet and formation of electrodes on 
side surfaces, etc.) are performed in the same manner as in 
the second example* 

[0144] 

The electric characteristics of the lamination 
ceramic chip inductor in this example are the equal to 
those of the lamination ceramic chip inductor in the second 
example - 
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[0145] 

(Example 6) 

Hereinafter, a sixth example of the present 
Invention will be described with reference to the accompa- 
nying drawings. 

[0146] 

A lamination ceramic chip inductor in this 
example haa same structure as those of the inductors in the 
second and the fifth examples/ and will be described with 
reference to Figures 7 and 11. 

[0147] 

in Figure 7, the reference numerals 13 and 18 
denote magnetic sheet layers, and the reference numeral 15 
denotes a magnetic sheet layer having a through-hole 16, 
The reference numeral 14 denotes a coil-shaped plated 
conductor- formed -to be txensfenred by «lcotro£orming , and 
the reference numeral 17 denotes a thick film conductor 
printed on the magnetic sheet layer having the through-hole 
16* The electroformed coil-shaped plated conductor 14 to 
be transferred and the printed thick film conductor 17 are 
connected to each other via the through-hole 16* 

[0148] 

In a method for producing a lamination ceramic 
chip inductor having the above-described structure, the 
steps for transferring the coil-shaped plated conductor 14 
to be tranoferrod on the magnetic sheet iayer 13 will be 
described with xroferono* to Figuro 11. 

C0149] 

In the same manner as in the second example, an 



> 



6-217150 

- 41 - 



Ag conductive pattern 3B (correa ponding to the ooll-ahaped 
plated conductor 14 to be transferred) having a width of 
approximately 40 pm, a thickness of approximately 35 pm, 
and approximately 3.5 turns was obtained on a stainless 
stool base plate 36 having a plane oz approximately 1,6 x 
0.8 mm 2 . A conductive Ag release layer (strike Ag plated 
layer) 37 is formed between the Ag plated conductive 

pattern 30 and -bho otoinlea* *t**I ba«« plata 36 (Pi.0usro 

11(a)). 
[0150] 

Then, a foam sheet 39 having a thermal releas- 
ability from the stainless steel base plate 36 is attached 
to the Ag conductive pattern 38 by heating and foaming from 
above (when necessary, additional heat and pressure can be 
provided) (Figure 11(b)). 

[01513 

since the foam sheet 39 has high adhesion, when 
the foam sheet 39 is peeled off from the stainless steel 
base plate 36, the Ag oonduotive pattern 38 and the Ag 
release layer 37 ere transferred onto -the foam sheet 39 
(Figure 11(c)). 

[0152] 

A magnetic sheet layer 40 (having a thickness of 
50 pm to 500 pm) formed on a PET film or the like by print- 
ing or the like is laminated on the Ag release layer 37 on 
the Ag conductive pattern 38 transferred on the foam fih^et 
39. In this case, the lamination la performed so that the 
surface of the magnetic sneet layer 40 having a plasticity- 
is in contact with the Ag release layer 37, and the 
lamination is repeated until the total thickness of the 
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magnetic sheet layer 40 becomes approximately 0,3 to 0.5 mm 
(Figure 11(d)). 

[0153] 

Of course, when necessary, appropriate heat and 
pressure can be provided during the lamination* 

Then, the resultant integral body including the 
magnetic sheet layer 40 , the Ag conductive pattern 38 , the 
Ag release layer 37 and the foam sheet 39 is heated at 
approximately 120 «C fox 10 minutes go that the foam eheet 
39 is foamed to be released. Thus, the magnetic sheet 
layer 40 (corresponding to the magnetic sheet: layer 13 in 
Figure 7) integrated with the Ag conductive pattern 38 
(corresponding to the coil-shaped plated conductor 14 in 
Figure 7) can be obtained (Figure 11(e)). 

[0164J 

Next, as shown in Figure 7, a magnetic sheet 
layer 15 having a through-hole 16 is formed on the coil- 
shaped plated conductor 14 by laminating or printing. 
Then, a thick film conductor 17 is laminated or printed on 
the magnetic sheet layer 15 to be connected to the coil- 
shaped plated conductor 14 via the through-hole 16. 

[0155] 

Furthermore, a magnetic sheet layer 18 is lami- 
nated tnereon followed ay heating and pressurizing to form 
an intearal body. In this case, the magnetic sheet layer 
IS can be laminated by printing directly. 



[0156] 

The rest of the steps (autting and sintering of 
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the resultant greonsheet and formation of eleotrodes on the 
side surfaces, etc*) are performed in the same manner as in 
the second example. 

[0157] 

The electric characteristics of the lamination 
ceramic chip Inductor produced in this example were equal 

-to -tHooa in thft aAaond oxamplo. 
[0150] 

(Example 7) 

Hereinafter, a seventh example of the present 
invention will be described with reference to the accompa- 
nying drawing. 

£01593 

Figure 12 is an exploded isometric view showing 
a structure or a lamination ceramic chip inductor in the 
seventh example of the present Invention. 

[0160] 

Zn Figure Z2, the reference numerals 41 and 43 
denote magnetic sheat layers, and the reference numeral 42 
denotes a wave-shaped plated conductor formed to be 
transferred by electroforming. 

[0161] 

The electro formed wave-shaped conductive pattern 
42 to be transferred is drawn to both of edges of -the chip 
of the lamination ceramic chip inductor, 

[0162] 

Since the production method of the lamination 
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ceramic chip inductor having ths ahove-dGscrihed structure 
is the same as that In the first example , and thus will be 
omitted. 

[0163] 

in this example , a lamination ceramic chip 
inductor having an outer size of approximately 2.0 x 
1.25 mm 2 and a thickness of 0.8 mm was obtained. The 
internal conductor has a structure including the wave- 
shaped plated conductor having a width of approximately 
SO pro running through the magnetic layers in a longitudinal 
direction thereof. Accordingly, an impedance of approxi- 
mately 120 Q would be obtained at a frequency of 100 MHz. 

[0164] 

The DC resistance could be approximately 0.OB ft 
because the thickness of the wave-shaped plated conductor 
42 was approximately 33 pin* 

[0165] 

In this example, the wave- shaped plated conduc- 
tors were used, but conductive patterns in a shape of 
straight line can also be used. 

[0166] 

in the above seven examples, coil-shaped and 
wave-shaped plated conductors to be transferred are all 
formed of Ag. If price, specific resistance or resistance 

against aoid noocl not ±>o oonoidorad. An m Pt r Pd, Cu, Ni or 

the like and alloys thereof can be used. 
[0167] 

Moreover-, the lamination bodies are all formed of 
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a magnetic material containing Ni*Zn*Cu. Needless "to gay, 
a lamination ceramic chip Inductor having an air-core coll 
character! stic can be produced using a Ni*Zn or Mn*Zn 
magnetic material, an Insulation material having a low 
dielectric constant, or the like. 

[0168] 

(Comparative Example) 

Hereinafter, a comparative example will be 
described with reference to the accompanying drawing* 

C0169] 

Figure 14 is an Isometric view showing a method 
for producing a lamination ceramic chip inductor In the 
comparative example - 

[0170] 

In rlgure 14 , ths r^foxcncc numorala 1.01 and ill 

denote magnetic sheet layers, and the reference numerals 
102 , 104, 106, 108 and 110 denote thick film conductive 
layers for forming coil -shaped plated conductors having 
approximately a half turn. 

[0171] 

The reference numerals 103 A 105, 107 and 109 
denote magnetic sheet layers aoting as insulation layers 
for laminating the thick film conductors having approxi- 
mately half turn, which are placed and laminated so that 
only an end part of each of the oonduotivo layers having 
approximately a half turn is exposed* 

[0172] 

A method for producing the lamination ceramic 
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described. 

[0173] 

First , as shown in Figure 14(a), a f err it© paste 
is printed in a rectangle to obtain the sheet 101. Then, 
a conductive line 102 is formed by printing a conductive 
paste on the aheet 101 for approximately a half turn 
(Figure 14(b)). 

[0174] 

Furthermore, the sheet 103 is formed by printing 
the f errite paste to hide a part of the conductive line 102 
(Figure 14(c)). 

[0175] 

Then, the thick film conductive layer 104 having 
approximately a half turn ia formed by printing an Ag 
conductive paste to be connected to the end of the conduc- 
tive line 102 (Figure 14(d)). 

C0176] 

similarly, a lamination ceramic body having a 
coil-shaped conductive line of approximately 2.5 turns is 
obtained by laminating by printing and sintering at a high 
temperature as is shown in Figures 14(e) through (k). 

[0177] 

In this comparative example, the conductive 
pattern having a width of approximately 150 urn and a 
thickness of approximately 12 ym after being dried is 
formed on a plane of approximately 1.6 x 0.8 mm. 
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[0178] 

Since the Internal conductor 1 hast the conductive 
coil having 2,5 turns, an Impedance of approximately ISO n 
could be obtained at a frequency of 100 MHz. 

[0179] 

The DC resistance was approximately 0.16 ft 
because the thickness of the conductive coil after- being 
sintered was approximately 8 pm. 

[0180] 

in this comparative example, the conductive coil 
has only 2.5 turns although the inductor Includes eleven 
layers. Accordingly, the impedance is small in consider- 
ation of the number of the layers, and the resistance of 
the conductor ic large fox- the impedance. 

[0181] 

Moreover, the production steps are complicated, 
and the connection reliability between the layers is poor* 

Although the resistance of the conductor can be 
reduced by forming each of the thick film conductive layers 
by transferring the electroformed plated conductive 
patterns thereon in this example, effects such as reduction 
in the number of the layers and increase in impedance 
cannot be expected. 

[0182] 

[Effoot o£ the Invention! 

As has been described so far, according to the 
lamination ceramic chip inductor and the method for 
producing the same according to the present invention, a 
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ooil-shapod oonductiva line is formed by dlactroforming 
(plating). Therefore, the width of the conductive patterns 
can be adjusted with high precision in accordance with the 
resolution of the photoresist for example, to the extent of 
several microns. Accordingly, a coil-shaped conductive 
line having a larger number of turns can be obtained in an 
area of a microscopic chip component than a conductor 
formed by printing* 

[0183] 

Thus, a higher impedance can be obtained although 
the number of layers Is small . 

The thickness of the conductive film can be 
controlled to be in the range from submicrons to several 
tens of roioronc by using an appropriate thickness* of 
photoresist or appropriate plating conditions. The 
Thickness of the conductive patterns can be even several 
millimeters with appropriate conditions* Accordingly, the 
resistance of the conductor can be easily controlled and 
thus can be reduced by increasing the thickness of the film 
deepite the fine patterns thereof. 

[0184] 

In contrast to the case of forming a coil pattern 
only by thick film conductors, films having a high density 
can be obtained even before sintering. Thus, reduction of 
the thickness of the conductors after sintering is insig- 
nificant, and the magnetic layere and the conductive layers 
©are ooarooly denominated from each othor. 

[0185] 

Furthermore, the reliability of the characteris- 
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tics of the product is Improved by the precise pattern of 
the conductor and the high density of the conductor* 

[0186] 

Ad described so far, a lamination ceramic chip 
Inductor and a method for producing the same according to 
the present invention has an excellent effect of realizing 
a smaller number of layers # a higher impedance „ and a lower 
resistance at the same time. 

[Brief Description of the Drawings] 
[Figure 1] 

An exploded isometric view showing a structure of 
a lamination ceramic chip inductor in a first example 
according to the present invention* 

[Figure 2] 

A descriptive view showing the steps for produc- 
ing the lamination ceramic chip inductor in the first 
example according to the present invention. 

[Figure 3] 

A descriptive view showing the steps for produc- 
ing the lamination ceramic chip inductor in an example 
according to the present invention. 

[Figure 4] 

A descriptive view showing the steps for produc- 
ing the lamination ceramic chip inductor in an example 
according to the preeent Invention. 

[Figure 5] 

A descriptive view showing the steps for produc- 
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ing -the lamination ceramic chip inductor ±n an example 
according to the present invention* 

[Figure 6] 

An Isometric view showing the exterior of the 
lamination ceramic chip inductor in each example according 
to the present invention. 

[Figure 71 

An exploded isometric view showing the lamination 
ceramic chip Inductors in second, fifth and sixth examples 
according to the present invention. 

[Figure 8] 

An exploded isometric view showing a structure of 
a lamination ceramic chip inductor in a third example 
according to the present invention. 

[Figure 9] 

An exploded isometric view showing a structure of 
the lamination ceramic chip inductor in the fourth example 
according -to -the present invention. 

[Figure 10] 

A descriptive view showing the step for producing 
the lamination ceramic chip inductor in the fifth example 
according to the present invention. 

[Figura 113 

Descriptive views showing the steps for producing 
the lamination ceramic chip inductor in the sixth example 
according to the present invention. 
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[Figure 12] 

An exploded isometric view showing a structure of 
the lamination ceramic chip inductor in the seventh example 
according to the present invention. 

[Figure 13] 

A partial Isometric view Illustrating a modifi- 
cation of the lamination oaratnlo ohip inductor in the firct 
example according to the present invention* 

[Figure 14] 

Descriptive views showing the steps for producing 
the lamination ceramic chip Inductor in the comparative 
example * 

[Description of the Reference Numerals] 

1, 3, 6, 13, 15, 16, 18, 19, 21, 24, 26, 28, 31, 33, 40, 
41, 43 Magnetic sheet layer 

2. 5/ 14* 20, 23/ 27, 30 Coil-shaped plated conductor 
4, 16 Through-hole 

8, 32, 36 Stainless steel base plate 

9, 37 Ag reloaea layer 

10, 34, 38 Ag conductive pattern 

11 Plated resist pattern 

12 outer electrode 

17, 25 Thick film conductor 
39 Foam sheet 

42 Wave-shaped plated conductor 
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[Name of the Document] DRAWINGS 
[Fig. 1] 
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[Name of the Document] ABSTRACT 
[Abstract] 

[Objective] Have an objective of increasing the 
Impedance as well as reducing the resistance of the 
conductor, end thus improving the reliability and reducing 
the production coat by reduoing tho number of layers of a 
lamination ceramic chip inductor which is widely used in 
high density mounting circuits which have been demanded by 
size reduction of digital devices such as devices for 
reducing noise* 

[Structure] By transferring electroformed coil- 
shaped plated conductors 2 and 5 onto magnetic sheet layers 
1 and 6 respectively, and connecting the coil-shaped plated 
conductors 2 and 5 to each other via a through-hole 4 
formed in a magnetic sheet layer 3, reduction in the number 
of layers, increase in the impedance, and reduction in the 
resistance of the conductor can be realised at the some 
time . 



[Selected Figure] Figure 1 
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